Attenuation of the editing activity of the Escherichia coli leucyl-tRNA synthetase allows incorporation of novel amino acids into proteins in vivo.
The fidelity of translation is dependent on the specificity of the aminoacyl-tRNA synthetases (aaRSs). The aaRSs that activate the hydrophobic amino acids leucine, isoleucine, and valine employ a proofreading mechanism that hydrolyzes noncognate aminoacyl adenylates and misaminoacylated tRNAs. Discrimination between structurally similar amino acids by these AARSs is believed to operate by a double-sieve principle, wherein a separate editing domain governs hydrolysis on the basis of the size and hydrophilicity of the amino acid side chain. Leucyl-tRNA synthetase (LeuRS) relies on its editing function to correct misaminoacylation of tRNA(Leu) by isoleucine and methionine. Thr252 of Escherichia coli LeuRS has been shown previously to be important in defining the size of the editing cavity. Here we report the isolation and characterization of three LeuRS mutants with point mutations at this position (T252Y, T252L, and T252F). The proofreading activity of the synthetase is significantly impaired when an amino acid bulkier than threonine is introduced. The rate of misaminoacylation of tRNA(Leu) by isoleucine and valine increases with the increasing size of the amino acid substituent at position 252, and the noncognate amino acids norvaline and norleucine are inserted efficiently at the leucine sites of recombinant proteins under conditions of constitutive overexpression of the T252Y mutant in E. coli. In addition, the unsaturated amino acids allylglycine, homoallylglycine, homopropargylglycine, and 2-butynylalanine all support protein synthesis in E. coli hosts harboring the mutant synthetase. These results demonstrate that programmed manipulation of the editing cavity can allow in vivo incorporation of novel protein building blocks.